Purpose: Disruption of the balance of insulin-like growth factor I (IGF-I) and IGF-binding protein 3 (IGFBP3) has been implicated in the etiology and progression of lung and other cancers. Single nucleotide polymorphisms (SNP) in IGF1 and IGFBP3 have been reported to be associated with the expression of the IGF-I/IGFBP3 axis. Therefore, we hypothesized that SNPs in these two genes were associated with lung cancer survival.
Lung cancer, predominantly non-small cell lung cancer (NSCLC), is the leading cause of cancer-related deaths worldwide (1) . Despite some advances achieved in the diagnosis and treatment in the last decades, the prognosis of lung cancer remains poor (1) . Many studies have revealed that application of specific prognostic biomarkers, incorporated with traditional factors such as age, sex, histologic type, and stage at diagnosis, could largely help to improve prognosis prediction and guide medical care of lung cancer (2) .
The insulin-like growth factor (IGF) signaling system plays a central role in cellular growth, differentiation, and proliferation (3, 4) . Studies have shown that IGF-I is a potent proliferative molecule, affecting almost every cell type via the RAS-mitogen-activated protein kinase signaling pathway, and a powerful antiapoptotic molecule through activation of the phosphatidylinositol-3 kinase-AKT pathway, which ultimately activates downstream transcription factors that regulate gene expression of proliferative, differentiation, and antiapoptotic factors (5, 6) . Besides, the bioactivity of IGF-I is modulated by a group of high-affinity IGF-binding proteins (IGFBP1 to 6; refs. 7, 8) , and among them, IGFBP3 is the most abundant circulating binding partner for IGFs and shows strong growthinhibitory effects by binding and subsequently sequestrating IGF-I in the extracellular milieu (9, 10) .
Clinical and epidemiologic evidence further indicate that disruption of the balance of IGF-I and IGFBP3 is implicated in the etiology and progression of multiple cancers, revealing that increased levels of IGF-I, reduced levels of IGFBP3, or an increased ratio of IGF-I to IGFBP3 in the circulation is associated with an increased risk as well as a poor prognosis of several common cancers (11) (12) (13) (14) (15) (16) (17) , and genetic studies have further correlated the single nucleotide polymorphisms (SNP) of IGF1 and IGFBP3 with the prognosis of breast cancer (18) . With regard to lung cancer, cumulative experimental evidence in vivo and in vitro suggests that suppression of IGF-I signaling can induce apoptosis and inhibit invasion or metastasis of NSCLC cells (19) (20) (21) (22) . However, clinical and epidemiologic data are still rare (23, 24) , with a doubtful result on IGF-I that high plasma level is associated with a favorable prognosis (23) , which seems to conflict with the laboratory studies and the result from some other cancer (16) . In addition, no epidemiologic studies to date have evaluated the role of SNPs in the genes of the IGF axis with lung cancer survival.
Given the important role of IGFs in stimulating cellular growth, influencing apoptotic pathway, and inhibiting invasion and metastasis, it is conceivable that SNPs in these genes may have an effect on progression and prognosis of lung cancer. To test this hypothesis, we comprehensively selected 21 common genetic variations in IGF1 and IGFBP3 by a strategy of integrating both tagging SNPs and potentially functional SNPs, and evaluated the associations with NSCLC survival among a cohort of 568 NSCLC cases in a Chinese population.
Subjects and Methods
Study population. Our study was approved by the Institutional Review Board of Nanjing Medical University, Nanjing, China. All the patients were newly diagnosed and histopathologically confirmed without prior history of other cancers or previous chemotherapy or radiotherapy, and were prospectively recruited into an ongoing study of lung cancer molecular epidemiology from July 2003 to April 2008. Overall, 828 NSCLC patients with complete follow-ups and clinical information were prospectively recruited from the Cancer Hospital of Jiangsu Province and the First Affiliated Hospital of Nanjing Medical University, Nanjing, China (25, 26) . All patients were face-to-face interviewed to collect demographic data and exposure information, including age, sex, and cigarette smoking. Those who smoked <1 cigarette per day and <1 year in their lifetime were defined as nonsmokers; otherwise, they were considered as smokers. Each patient donated 5 mL venous blood after providing a written informed consent. Patients were followed up prospectively every 3 mo from the time of enrollment by personal or family contacts until death or last time of follow-up. The maximum follow-up time was 72 mo (last follow-up in July 2009) and the median follow-up time was 18.8 mo. We selected the patients with adequate DNA sample by checking quality and quantity for Illumina genotyping assay. As a result, 568 NSCLC patients were included and genotyped in this study.
SNP selection and genotyping. Polymorphisms were selected by an approach combining both tagging SNPs and potentially functional SNPs of the IGF1 and IGFBP3 genes. All common (minor allele frequency >0.05 in Asians) polymorphisms were searched within nucleotide -2,000 upstream from the start codon of each gene and their 3′-untranslated regions (3′UTR) using the HapMap (last search date, February 2008) and the National Center for Biotechnology Information dbSNPs public databases (build 127). Potentially functional polymorphisms were identified to meet the following criteria: (a) located in the 5′-flanking regions, 5′-UTR, 3′-UTR, and coding regions with amino acid changes; (b) were shown to be of biological significance according to the literature review; and (c) were associated with gene expression and/or cancer risk/survival in previous studies. Tagging SNPs (tSNP) were chosen from genotyped SNPs of Chinese Han Beijing (CHB) in the HapMap database (minor allele frequency ≥0.05, Hardy-Weinberg equilibrium P ≥ 0.05, and call rate ≥90%) in Haploview 4.1 software on the basis of pairwise linkage disequilibrium (r 2 threshold = 0.8) and with a priority of forcing the potentially functional SNPs in the evaluation. Among the 24 SNPs (13 in IGF1 and 11 in IGFBP3) selected, three SNPs (rs5031032 and rs6220 in IGF1 and rs6413441 in IGFBP3) could not be genotyped because of Illumina design quantity scores <0.5. Therefore, a total of 21 SNPs (11 in IGF1 and 10 in IGFBP3) were genotyped by using the Illumina GoldenGate platform in Taizhou, Jiangsu province, China. Information on assay conditions, primers, and probes is available upon request. Quality control was followed according to the quality criteria (i.e., one blank well and three repeated samples) in our previous studies (27) . In the end, 17 SNPs were successfully genotyped with call rates >95% and consistent with those expected from the Hardy-Weinberg equilibrium (P > 0.05), whereas three SNPs (rs12579108 of IGF1, rs2854744 and rs34480712 of IGFBP3) that could
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not be genotyped and one (rs13241830 in IGFBP3) with a call rate of 79.5% and that deviated from Hardy-Weinberg equilibrium (P = 0.01) were removed from our further analysis.
Statistical analysis. Deviation of genotype distribution from the Hardy-Weinberg equilibrium for each SNP was tested by a goodness-of-fit χ 2 test. Survival time was calculated from the date of lung cancer diagnosis to the date of death or to last follow-up. The different survival times according to demographic characteristics, clinical features, and IGF1 and IGFBP3 SNPs were estimated by using the Kaplan-Meier method and compared by the log-rank test. Mean survival time was presented when the median survival time (MST) could not be calculated. Univariate or multivariate Cox regression analysis was done to determine predictive factors of NSCLC prognosis by estimating the crude hazard ratios (HR), adjusted HRs, and their 95% confidence intervals (95% CI), with adjustment for age, sex, smoking status, histology, stage, surgical operation, and chemotherapy or radiotherapy status. In addition, we used the PHASE 2.1 Bayesian algorithm (28) to infer haplotypes based on the observed genotypes of the SNPs. All the statistical analyses were carried out by Statistical Analysis System software (version 9.1.3, SAS Institute).
Results
Patient characteristics and clinical features. The demographic characteristics and clinical information for the 568 NSCLC patients retained in the study are summarized in Table 1 . The median age was 60 years (range, 25-83 years), and there were 434 males (76.4%) and 367 smokers (64.6%). Among these patients, 353 (62.2%) were adenocarcinomas, 184 (32.4%) were squamous cell carcinomas, and the others (31 patients, 5.5%) were large cell, undifferentiated, and mixed-cell carcinomas. In a period of up to 72 months of follow-up, 311 patients died from NSCLC, and 3 died from other causes. For disease-specific survival analysis, the latter were considered as censored data in the analyses. Clinical stage and surgical operation status, but not chemotherapy or radiotherapy status, were significantly associated with survival time (log-rank P < 0.001). As the stage increased, the risk of death for NSCLC showed a significant increase in a dose-response manner by using univariate Cox regression analysis (compared with stage I, HR, 1.37; 95% CI, 0. 
months).
Effects of genetic variants of IGF1 and IGFBP3 on NSCLC survival. Cox regression analyses were used to access the associations of IGF1 and IGFBP3 genotypes with NSCLC survival in different genetic models (Table 2 ). In the additive model, three polymorphisms were significantly associated with the survival of NSCLC (P = 0.013, 0.006, and 0.023 for rs5742714 of IGF1, and rs2132572 and rs10255707 of IGFBP3, respectively). As shown in Table 3 , however, rs2132572 and rs10255707 of IGFBP3 were associated with higher risk of death only before adjustment for demographic and clinicopathologic factors (crude HR, 1.28; 95% CI, 1.02-1.61 for rs2132572 variant genotypes in a dominant model, and crude HR, 1.74; 95% CI, 1.01-2.97 for rs10255707 variant genotype in a recessive model). Log-rank test and Cox regression analyses revealed that variant genotypes of IGF1 rs5742714 CG/GG had a significantly improved survival (MST, 28.5 months; crude HR, 0.74; 95% CI, 0.57-0.95, and adjusted HR, 0.77; 95% CI, 0.60-0.99) compared with the homozygote CC (MST, 23.0 months; Fig. 1A and B) .
We carried out haplotype inference using the PHASE 2.1 based on the known genotypes of the SNPs for IGF1 and IGFBP3, respectively. For statistical consideration, we ignored all haplotypes with a frequency <0.05. However, no statistically significant association between the haplotypes of IGF1 and IGFBP3 and lung cancer survival was evident (data not shown).
Stepwise cox regression model for NSCLC survival. We further did a multivariate stepwise Cox regression analysis for the effects of demographic characteristics, clinical features, and IGF1 and IGFBP3 genotypes on NSCLC survival. Five variables (stage, surgical operation status, chemotherapy or radiotherapy status, smoking status, and IGF1 rs5742714) were included in the regression model with a significance level of 0.05 for entering and 0.051 for removing a variable (P < 0.001 for stage and surgical operation status; P = 0.014, 0.046, and 0.036 for chemotherapy or radiotherapy status, smoking status, and IGF1 rs5742714, respectively).
Stratified analyses and interaction. The associations between IGF1 rs5742714 polymorphism and NSCLC survival were further evaluated by stratified analysis of smoking status, histology, stage, surgical operation, and radiotherapy or chemotherapy status. As shown in Table 4 , there was no obvious evidence of differentiated association between the protective effects of variant genotypes of rs5742714 and NSCLC survival among different subgroups of smoking status, histology, stage, and radiotherapy or chemotherapy status. However, the decreased risk was more predominant among subjects receiving surgical operation (HR, 0.58; 95% CI, 0.40-0.85, P for heterogeneity test = 0.045). Therefore, a gene-surgical operation interaction analysis was carried out (Table 5) , and there was a statistically significant multiplicative interaction between the genotypes of rs5742714 and operation status on NSCLC survival (P for multiplicative interaction = 0.028). Kaplan-Meier plots of survival by combination of IGF1 genotypes and operation status in NSCLC-specific survival are shown in Fig. 1C .
We also evaluated the interactions between the genotypes of IGF1 rs5742714, and IGFBP3 rs2132572 and rs10255707, but no statistical significance was observed (data not shown).
Discussion
In this lung cancer study with a relatively comprehensive selection of SNPs in IGF1 and IGFBP3, we investigated the effects of 17 tagging and potentially functional SNPs on NSCLC-specific survival. The results indicated that the IGF1 rs5742714 G allele was associated with a significantly improved survival of NSCLC in a dominant model (crude HR, 0.74; 95% CI, 0.57-0.95 and adjusted HR, 0.77; 95% CI, 0.60-0.99), and this protective effect was more predominant for patients receiving surgical operation (HR, 0.58; 95%CI, 0.40-0.85; P for heterogeneity test = 0.045), along with a significant interaction of gene-surgical operation (adjusted P for multiplicative interaction = 0.028). To the best of our knowledge, this is the first report to evaluate the role of genetic variations in the genes of IGF1-IGFBP3 on NSCLC survival. According to previous studies, IGF-I and its binding proteins play key roles in the genesis of many types of tumors including lung cancer (29) , and evidence of the influence on disease progression and prognosis has accumulated recently (19) (20) (21) (22) 30) . Following the initial in vitro experiment showing a dose-dependent increase of breast cancer cell proliferation with increased IGF-I concentration (30), a series of laboratory studies on NSCLC cell lines revealed that inhibition of IGF-I receptor led to a decrease of cell survival and an increase of apoptosis (19) (20) (21) , and suppression of IGF-I signaling inhibited A549 lung cancer cell invasion in vitro as well as metastasis in a mice model in vivo (22) . Besides, epidemiologic studies have shown that high circulating level of IGF-I was a risk factor for disease progression and was associated with poor prognosis of breast, ovarian, and prostate cancers (16, 29, 31) , and genetic studies have reported that variation of IGF1 was associated with progression and prognosis of common cancers, including breast and prostate cancers (16, 18, 32) .
In the current study, by systematically evaluating the association of SNPs in IGF1 and IGFBP3 with NSCLC survival in a Chinese population, we found a significant association between the rs5742714 in the 3′UTR of IGF1 with NSCLC survival. Given the position of 3′UTR where rs5472714 located, it is biologically plausible that such a variation at this position may have an effect on mRNA stability and lead to altered binding activity to microRNAs, which might downregulate gene expression by mRNA cleavage or translational repression (33) . It should be noted, however, that the association of this polymorphism with lung cancer prognosis might also be mediated by linkage disequilibrium with other causal loci. According to the HapMap database, there was another polymorphism (rs6219) in 3′UTR of IGF1 in complete linkage disequilibrium with rs5742714, which is also a candidate for the true association. In stratified analyses, the association was more predominant among patients receiving surgical operation, and there was a significant multiplicative interaction between risk genotypes and operation status. Both experimental and clinical studies have shown that the IGF-I receptor is overexpressed in lung and other carcinomas compared with normal tissues (34) (35) (36) (37) , which might eliminate the downregulation effect of the variant genotypes of rs5742714 among patients without operation.
We conducted this study in a relative large cohort, and with such a sample size the statistical power for the estimated crude and adjusted effects (HR) of rs5742714 in a dominant model was 74.19% and 62.63%, respectively, and for the interaction of gene-surgical operation, it was 97.7% and 98.9%, respectively, assuming the significant level P = 0.05. However, we failed to find significant associations between any SNPs of IGFBP3 and the prognosis of Fig. 1 . Kaplan-Meier plots of survival by IGF1 genotypes in NSCLCspecific survival. A, IGF1 rs5742714 genotypes and NSCLC-specific survival (log-rank P = 0.043) in a codominant model. B, IGF1 rs5742714 genotypes and NSCLC-specific survival (log-rank P = 0.017) in a dominant model. C, Kaplan-Meier plots of survival by combination of IGF1 genotypes and operation status in NSCLC-specific survival (log-rank P < 0.001). 0, patients with variant genotypes (CC or CG) and receiving operation; 1, those with common genotype (GG) and receiving operation; 2, those with variant genotypes but without operation; 3, those with common genotypes and without operation.
NSCLC, although some of the polymorphisms evaluated in our study were linked to prognosis of other cancers or altered circulating levels of IGFBP3 (18, 38, 39) . For example, rs3110697 and rs2854746 were shown to be associated with IGFBP3 levels in a multiethnic population in America (38, 39) , and rs3110697 and rs2471551 were associated with breast cancer survival in premenopausal women in a Chinese population (18) . Besides the diverse genetic background, the discrepancy of these findings may be explained by different tumor sites or therapeutic issues. For instance, reduced IGFBP3 was correlated with poor survival with lung and ovarian cancers (17, 23, 24) , whereas an inverse prognostic effect was revealed in prostate cancer (40) , indicating the variation among different tumors. Additionally, it has been reported that rs35767 in IGF1 was associated with the circulating IGF-I level in Americans (41) , but this variant revealed no significance with relation to NSCLC survival in our study, which may result from the ethnic difference.
Besides, there were still some limitations in this study. Firstly, after adjusting for multiple comparisons, none of the 17 SNPs attained significant level (0.003), so our findings need to be confirmed by additional studies with large sample size. Secondly, among the cohort of 828 NSCLC patients, only 568 patients (68.6%) with adequate DNA sample for Illumina genotyping assay were included in the current study, which could potentially influence the final estimation due to selection bias. Thirdly, in this study, 4 of 21 SNPs were removed from further analysis due to the failure in genotyping, which may result in losses of information. However, it was due to technical limitation and may not lead to selection bias. In summary, our findings suggest that rs5742714 in IGF1 may be a genetic modifier for NSCLC prognosis in this Chinese population, especially among patients after surgical operation. Further validation in larger cohort or independent population and functional characterizations are needed.
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